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Summary: An Al-N cluster containing an assembly of
six ferrocenylacetylene moieties has been synthesized and
structurally characterized. The electrochemical behavior
of this compound shows a single reversible oxidation
wave, which suggests the electrochemical equivalence of
the ferrocenylacetylene moieties.

Recently, heteronuclear mixed-valence organometallic
complexes containing combinations of main-group ele-
ments and transition metals in the same molecular unit
have generated great interest. They can be viewed as
precursors for high-temperature superconducting ma-
terials and new semiconducting materials. These kind
of molecules reported in the literature involve either
direct bonding between the metals1 or bridging by a
spacer as in M-X-M,2,3 where X is a heteroatom such
as oxygen, nitrogen, or phosphorus. The metal centers
in these mixed-valence bimetallic complexes not only
exhibit different reactivities but also act as model
compounds in materials and catalysis.4 Anchoring active
catalysts to insoluble materials cuts the loss of catalyst,
makes the workup of products easier, and has influence
on the catalytic process due to the Lewis acidity of the
support.5,6 The fixation of catalysts, containing active
metal centers, on supports was mainly done on silicate
surfaces.7,8 This concept can also be extended to alumi-

num compounds containing an Al-N skeleton frame-
work.9 So far, these frameworks have been used as
potential precursors for a wide variety of microelectronic
applications.10 Our interest lies in synthesizing soluble
cluster compounds that mimic supports on which tran-
sition metals can be anchored. A few ferrocenylacetylene
cluster compounds containing transition metals have
been reported in the literature11 and have been inves-
tigated by electron spectroscopy12a-c and cyclic voltam-
metry.12 However, there have been no reports where
ferrocenylacetylene moieties are assembled on an alu-
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minum nitride cluster. In this contribution, we report
the synthesis, structure, and cyclic voltammetric studies
of an Al-N cluster containing an assembly of six
ferrocenylacetylene moieties.

The reaction between stoichiometric amounts of com-
pound 1 and ferrocenylacetylene13 under reflux condi-
tions leads to the formation of compound 2 (Scheme 1).
The reaction mixture was refluxed until the evolution
of H2 had ceased. The resulting solution was kept at 0
°C to obtain reddish brown crystals of 2.14 It is the only
isolable compound. All six hydridic hydrogens were
replaced by six ferrocenylacetylene moieties. The Al-N
framework remained intact during the substitution.
Compound 2 is air- and moisture-sensitive and was
characterized by multinuclear NMR, mass spectrom-
etry, IR, and elemental analysis. A strong absorption
band at 2119 cm-1 in the IR spectrum can be attributed
to the ν̃(CtC)15 stretching frequency. The lack of
absorption bands at 1860 and 3313 cm-1 indicates the
absence of Al-H and CtC-H bonds, respectively. No
molecular ion peak is found in the EI mass spectrum.

The molecular structure of 2 in the solid state was
determined by a single-crystal X-ray structural analy-
sis.16 2 crystallizes in the triclinic space group P1h with
half of the molecule and two molecules of toluene in the
asymmetric unit. An ORTEP plot of 2 is shown in Figure
1. The polyhedron contains an Al-N framework in
which the aluminum and nitrogen atoms are positioned
alternatively. The molecule has a center of symmetry,
and two of the ferrocenyl moieties are oriented toward
the central core, while the rest is projected away. The
bond parameters are similar to those of the previously
studied structures, and the Al-N bond lengths forming
the hexagonal faces are significantly shorter than the
transverse ones.9,21,22 It is noteworthy that the CtC-
Al bond angles deviate from the expected 180° and vary

significantly from each other (C(2)-C(1)-Al(1) ) 170.82-
(7)°, C(5)-C(4)-Al(2) ) 166.88(6)°, C(8)-C(7)-Al(3) )
169.11(5)°). In a similar way the CtC-C bond angles
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were prepared as described in the literature. NMR spectra were
recorded on a Bruker AM 200 instrument, and the chemical shifts are
reported with reference to TMS. IR spectra were recorded on a Bio-
Rad Digilab FTS7 spectrometer. Melting points were obtained on a
HWS-SG 3000 apparatus and are uncorrected. CHN analyses were
performed at the Analytical Laboratory of the Institute of Inorganic
Chemistry, Göttingen, Germany. The electrochemical experiment was
performed at the Institute of Inorganic Chemistry, Stuttgart, Germany.
The measurements were conducted in a CH2Cl2 solution employing
0.1 M Bu4NPF6 as the supporting electrolyte. All measurements were
conducted in a home-built airtight voltammetry cell with a three-
electrode setup consisting of a spiral-shaped Pt auxiliary electrode and
silver pseudo-reference electrode directly sealed into the side walls and
a platinum working electrode, which is introduced via a central screw
cap on the cell top. All other details were as described previously.20

The formal oxidation potential, E°′, for the reversible couple is defined
as the average of the anodic and cathodic peak potentials. Preparation
of 2: To a suspension of 1 (0.42 g, 0.50 mmol) in toluene (30 mL) was
added ferrocenylacetylene (0.64 g, 3.05 mmol) at room temperature.
The reaction mixture was stirred for 1 h at room temperature before
refluxing it until the evolution of H2 ceased. The resultant solution
was filtered and kept for crystallization at room temperature to obtain
reddish brown crystals of 2 (0.54 g, yield 52%). Mp: 297 °C dec. 1H
NMR (200 MHz, CDCl3, 25 °C, TMS): δ 6.70-7.00 (br, 18H; C4H3S),
4.33 (t, 3J(H,H) ) 2 Hz, 12H; C5H4), 3.83 (t, 3J(H,H) ) 2 Hz, 12H;
C5H4), 4.22 (s, 12H; CH2), 4.08 ppm (s, 30H, Cp). 13C NMR (125 MHz,
CDCl3, 25 °C, TMS): δ 137.88, 129.01, 128.20, 125.30 (C4H3S), 82.65
(Al-CtC), 74.09, 72.00, 68.83 (C5H4), 70.26 (Cp), 64.81 (Al-C), 40.28
ppm (CH2). IR (KBr, Nujol): ν̃ 2119 (s), 1411 (m), 1261 (m), 1235 (w),
1223 (m), 1150 (w), 1106 (s), 1079 (w), 1001 (w), 921 (m), 875 (w), 852
(w), 819 (m), 752 (w), 536 (m), 475 (w), 452 (w) cm-1. In the EI-MS
spectrum only small fragments were found. Anal. Calcd for C102H84-
Al6Fe6N6S6 (2083.15): C, 58.81; H, 4.06; N, 4.03. Found: C, 57.86; H,
4.38; N, 4.23.

Scheme 1

Figure 1. Molecular structure of 2 in the crystal. CTH )
2-thiophenyl. Thiophenyl groups and toluene molecules are
omitted for clarity. Selected bond lengths (Å) and angles
(deg): Al(1)-N(1) ) 1.887(6), Al(1)-N(2) ) 1.981(5), Al(1)-
N(3) ) 1.882(5), Al(1)-C(1) ) 1.893(6), C(1)-C(2) )
1.222(8), C(2)-C(3) ) 1.444(8); C(2)-C(1)-Al(1) ) 170.82(7),
C(5)-C(4)-Al(2) ) 166.88(6), C(8)-C(7)-Al(3) ) 169.11(5),
C(1)-C(2)-C(3) ) 174.9(8), C(7)-C(8)-C(9) ) 176.90(8),
C(4)-C(5)-C(6) ) 174.70(7), N(1)-Al(1)-N(2) ) 92.01(2),
Al(1)-N(1)-Al(2) ) 87.56(2), Al(2)-N(2)-Al(3) ) 123.91-
(2), N(3)-Al(1)-N(1) ) 115.79(8), N(2)-Al(1)-C(1) )
115.00(2), N(3)-Al(1)-C(1) ) 121.17(3).
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also deviate from linearity (C(4)-C(5)-C(6) ) 174.70-
(7)°, C(7)-C(8)-C(9) ) 176.90(8)°, C(1)-C(2)-C(3) )
174.9(8)°).

The electrochemistry of 2 was investigated in CH2-
Cl2 solution. Only one oxidation wave was observed
within the solvent window (Figure 2). This was fully
reversible, even at sweep rates as low as 25 mV/s, and
displayed a half wave potential of +0.16 V when

calibrated against the ferrocene/ferrocenium couple. The
forward peak width at half-height and the peak-to-peak
separation were identical with those measured for the
internal ferrocene17 and decamethylferrocene18 stan-
dards, which were added in concentrations that can
provide peak currents identical with those of compound
2. The same overall behavior was found in differential
pulse and Osteryoung square wave voltammetry. Here
the peak widths at half-height fully agreed with those
of both of the internal standards. From this we conclude
that all six equivalent ferrocenyl subunits present in 2
are oxidized at the very same potential. The reversible
electrochemical behavior of compound 2 shows that this
compound is perfectly stable and robust, even in the
oxidized state. These results argue against any elec-
tronic interactions between the individual ferrocenyl
subunits. In diferrocenylacetylene and related systems
ethynyl spacers have been found to provide a pathway
for at least some degree of electronic coupling between
the bridged sites.19 Since no coupling between the
ferrocenyl subunits is detected in compound 2, the
nitrogen atoms at the other end of the acetylene spacer
are probably well insulated from each other by the
interspersed RAl bridges.

In summary, we have synthesized and structurally
studied an Al-N cluster containing six ferrocenylacety-
lene moieties. The electrochemical behavior of this
compound shows a single reversible oxidation wave,
which suggests the electrochemical equivalence of the
ferrocenylacetylene moieties. This molecule can also be
viewed as a system that can act as a multielectron
source, electron-transfer mediator, and ion sensor. It can
be taken as a model compound for the synthesis of
potential molecular units containing active metal cen-
ters, which can be employed effectively in catalysis.
Moreover, this paper initiates research for using metal
nitrides as supports for catalysts.
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Figure 2. Cyclic voltammogram of compound 2 in CH2-
Cl2 in the presence of Cp2Fe and decamethylferrocene as
internal standards.
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